In terms of global cancer-related deaths, hepatocellular carcinoma (HCC) has the fourth highest mortality rate. Up until 2017, treatment of advanced HCC was largely limited to sorafenib, an oral tyrosine kinase inhibitor, with little to no success in the development of alternative treatment options. However, in the past two years, there has been an unprecedented increase in both the number and type of treatment options available for HCC. As of 2019, the US FDA has approved four oral tyrosine kinase inhibitors, two immune checkpoint inhibitors, and one anti-angiogenesis antibody for the treatment of HCC. Even with this new variety, systemic treatment of advanced HCC remains largely unsatisfactory, and the median survival rate stands at approximately one year. The expected breakthrough of using immune checkpoint inhibitors in advanced HCC did not materialize in 2019. The use of immune checkpoint inhibitors in conjunction with oral tyrosine kinase inhibitors or antiangiogenesis medications is the current clinical research trend, the results of which are eagerly anticipated. Despite limited progress in survival, HCC research is currently experiencing a period of growth and innovation, and there is hope for significant advances in the treatment of advanced HCC as the field continues to develop.
Introduction
Hepatocellular carcinoma (HCC) stands as the fourth leading cancerous cause of death in the world, and therefore remains a global issue. Potentially curative treatments, which include surgical resection and liver transplantation, are limited to patients with early detected HCC. Late diagnosis of HCC is much more common, and severely limits available treatment options to palliative systemic treatment. As a result, treatment of HCC has been historically unsatisfactory, with a median survival rate of approximately 1 year. However, advances in systemic treatment options for HCC are currently experiencing a rapid growth: in the past two decades and predominantly in the past two years, the available treatment options for advanced HCC have expanded from a single cytotoxic drug to four oral kinase inhibitors, two immune checkpoint inhibitors and one anti-angiogenesis monoclonal antibody ( Fig. 1 ). There is currently no unified mechanism to explain why any of the oral kinase inhibitors are effective treatments for HCC, and there is a lack of identifiable marker(s) to select HCC patients for immune checkpoint inhibitors. While single agent immunotherapy has resulted in only comparable overall survival to the current standard treatment, preliminary data from the use of immunotherapy agents used in combination with either oral kinase inhibitors or anti-angiogenesis medications shows promising response rates, and results on using this combination treatment are eagerly awaited. Cytotoxic agents are used much less frequently for the treatment of HCC, but the new direction is moving toward use in combination with tyrosine kinase inhibitors or immune checkpoint inhibitors.
This review will chronicle the evolution of treatments in HCC, with a final outline of the current recommended treatment algorithm. Despite the recent influx of available treatment options for the treating oncologist to consider for HCC, the progress in systemic treatment of HCC has been unsatisfactory. However, in this period of global cooperation and high-throughput innovation, there is hope for major breakthroughs in the treatment of HCC.
Doxorubicin
Historically, doxorubicin has been the main treatment option available for medical oncology for decades. A 1998 randomized clinical trial involving a total of 46 patients compared the best supportive care to single agent doxorubicin at doses of 60-75 mg/m 2 , administered once every three weeks [1] . The median survival was 10.6 weeks for the doxorubicin group and 7.5 weeks for the supportive group, P = 0.036. Side effects such as neutropenia and cardiotoxicity, make routine use of doxorubicin difficult in patients with advanced HCC. However, doxorubicin became the comparator arm for subsequent trials. A group of researchers from Hong Kong, China conducted a multicenter phase 2 trial with 54 patients comparing single agent nolatrexed dihydrochloride to doxorubicin. The nolatrexed was given at 725 mg/m 2 /day by continuous infusion and doxorubicin was delivered at 60 mg/m 2 via rapid intravenous injection once every three weeks [2] . No objective response was observed in either arm, and both drugs are considered to be minimally active in HCC. Another phase 3 trial published in 2007 involving 445 patients randomized to either doxorubicin or nolatrexed showed increased survival with doxorubicin (32.3 weeks versus 22.3 weeks, P = 0.0068) [3] . As with the Hong Kong phase 2 trial, both doxorubicin and nolatrexed were considered minimally active in HCC.
Liposomal doxorubicin
The US FDA approved the use of liposomal doxorubicin, a membrane-bound version of doxorubicin with decreased cardiotoxicity, in women with ovarian cancer in June 1999. Since then, its use has expanded into treatment of ASID-Kaposi's sarcoma, multiple myeloma breast cancer, lymphoma, and HCC. An initial phase 2 trial using 30 mg/m 2 once every three weeks in 16 patients did not show an objective response with median survival time only 140 days (126-154 days) [4] . However, another pilot study showed a much higher clinical benefit in 50% of the 17 treated patients at dose of 40 mg/m 2 once every 4 weeks [5] . No other trial reported such a high clinical benefit rate using single agent liposomal doxorubicin in HCC. A phase 2 trial with 40 patients used an escalating dosage scheme starting from 30 mg and increasing to 45 mg/m 2 once every 3 weeks and reported a 10% response rate; these results are more similar to the results seen in clinical experiences [6] .
Despite the low response rate and very unimpressive survival benefits, doxorubicin and liposomal doxorubicin continued to be the main cytotoxic drugs used for systemic treatment of HCC until 2007.
Sorafenib
The US FDA approved sorafenib, a multi-target tyrosine kinase inhibitor (TKI), on December 20, 2005 for use in patients with advanced renal cell carcinoma. The exact mechanism of how sorafenib regulates renal cell carcinoma is unknown, as it inhibits multiple kinases involved in cell proliferation and angiogenesis [7] . A study conducted in 2006 found that in hepatocellular PLC/PRF/5 xenograft models, sorafenib was shown to induce tumor cell apoptosis [8] . Additionally, a phase 1 trial recruited 69 patients with refractory solid tumors across a panel of cancers and found that among the 45 patients available for efficacy evaluation, the only patient to show a partial response had HCC [9] . Because of this, a phase 2 trial that recruited 137 patients with HCC was conducted soon after. All patients had no prior treatment and were classified as Child-Pugh A or B. Based on the independent assessment, only three patients (2.2%) achieved a partial response. The overall survival was 9.2 months with median time to progression at 4.2 months [10] . It was noted that there was an increase in tumor necrosis from the baseline average of 9.8% to 27% among the 11 patients that were assessed specifically for tumor necrosis. As with renal cell carcinoma, the mechanism through which sorafenib affects HCC is unknown. Multiple kinases are potential targets of sorafenib, but no specific kinase inhibition or mechanism has been identified as the main effector for sorafenib in HCC.
A multicenter, phase 3, double-blind, placebo-controlled trial (SHARP) was conducted following the promising results of the phase 1 and 2 trials. The study was stopped after the second planned interim analysis, at which point 321 deaths had occurred. Median survival was 10.7 months in the sorafenib group and 7.9 months in the placebo group, P < 0.001. Similar to the earlier phase 2 trial, the radiographic response rate was low at 2%. However, the median time to radiological progression was significantly longer in the sorafenib group than the placebo group (5.5 months versus 2.8 months, P < 0.001) [11] . This data led to US FDA approval of sorafenib as front-line therapy in Child-Pugh Class A patients with HCC on Dec 1, 2007. While the SHARP trial recruited patients from Europe, North and South America, and Australasia, a separate Asia-Pacific trial was being conducted parallel with the SHARP trial in Chinese Mainland, South Korea and Taiwan, China. The total number of patients recruited into the Asia-Pacific trial was smaller with 271 patients, compared to the SHARP trial with 602 patients. Both trials reported similar side effects of diarrhea and hand-foot syndrome in the sorafenib group. However, the Asia-Pacific trial reported shorter median survival results in both the sorafenib and placebo groups (6.5 and 4.2 months, P = 0.014) [12] compared to the SHARP trial. Although the randomization was 1:1 for the SHARP trial and 2:1 for the Asia-Pacific trial, these differences in trial design are not sufficient to explain the discrepancies in median survival between the two trials. The cause behind the differing median survival rate between the two trials remains unknown.
Sorafenib and doxorubicin
Despite unimpressive clinical results, sorafenib broke the monotony of systemic cytotoxic treatment of HCC via doxorubicin and lysosomal doxorubicin; it came as no surprise that studies utilizing a combination of doxorubicin and sorafenib were conducted next. In a dose-finding phase 1 trial involving 34 patients with various refractory solid tumors, 4 of the 15 patients that achieved disease stabilization for ≥ 12 weeks were HCC patients [13] . Doses of sorafenib at 400 mg BID daily with doxorubicin at 60 mg/m 2 once every three weeks were recommended for further study. The same group of researchers extended their phase 1 trial using a treatment scheme in which a combination of sorafenib with doxorubicin was administered for 6 cycles, followed by single agent sorafenib for at least 3 more months. Neutropenia became the dominant side effect in 61% of participants, as expected from treatment with doxorubicin. The disease control rate among the 16 evaluable patients showed promise at 69% [14] . However, the results of a randomized trial using sorafenib plus doxorubicin versus sorafenib single agent were disappointingly negative, and the trial was discontinued after a planned interim analysis showed that the futility boundary was not crossed. A median overall survival rate of 9.3 months was observed in the combination arm versus 10.5 months in the single agent sorafenib arm [15] . Side effects in the combination arm were more severe, especially for hematologic adverse events, and no progression-free survival benefit was observed.
Epidermal growth factor receptor (EGFR) pathway activation is part of the pathogenesis of HCC and could negatively affect the responsiveness to sorafenib [16] . A phase 3 randomized, double-blind, placebo-controlled trial of sorafenib with or without erlotinib, an EGFR inhibitor, was conducted (SEARCH). However, clinically significant benefits were observed in neither overall survival nor median time to progression [17] .
2007-2017
The exact mechanism through which sorafenib provides survival benefits in patients with advanced HCC remains unknown. Because sorafenib is known to inhibit multiple tyrosine kinases, it was speculated that inhibition through multiple targets may be necessary to treat patients with advanced HCC. Along this line of reasoning, several other multi-target tyrosine kinase inhibitors (TKIs) were tested in HCC patients.
Sunitinib, similar to sorafenib, was initially approved by the US FDA for treatment of advanced renal cell carcinoma. Like sorafenib, sunitinib targets multiple kinases and is a strong inhibitor of vascular endothelial growth factor receptor (VEGFR) [18] . However, an open phase 3 trial with direct comparison of sunitinib to sorafenib showed that survival time was similar in Asian and hepatitis B infected individuals with HCC (7.6 and 8 months, respectively). A surprising finding was a shorter survival duration with sunitinib than with sorafenib in hepatitis C infected individuals with HCC (9.2 versus 17.6 months). Side effects were more frequently reported with sunitinib than sorafenib, especially for thrombocytopenia and neutropenia [19] .
Brivanib alaninate (BMS-582664) has a dual activity in inhibiting VEGF and fibroblast growth factor receptor (FGFR) [20] . Despite promising basic science and xerograph data, brivanib was no better than sorafenib as a first line treatment for HCC [21] and had non-significant benefits as a second line treatment compared to best supportive care after intolerance to or progression on sorafenib [22] .
It was a decade of stagnation for the treatment of advanced HCC, not for lack of trying but for lack of success.
Beyond sorafenib
After the lull in HCC treatment progression from 2007 to 2017, three additional multi-target TKIs have been approved for treatment of HCC in less than two years. Like sorafenib, these TKIs were not developed specifically for the treatment of HCC but were initially US FDA approved for the treatment of other cancers (Table 1) before they were granted use in HCC.
Regorafenib was initially approved by the US FDA for colorectal cancer after progression as a third line option in 2012. Regorafenib is a multi-kinase inhibitor but its mechanism in colorectal cancer was never clearly elucidated [23] . It is thought to affect mainly through inhibition of several angiogenic receptor tyrosine kinases [24] . The US FDA approved regorafenib as a second line treatment for HCC after progression on sorafenib in April 27, 2017 based on the results from a randomized phase 3 trial (RESORCE). The trial randomized 573 patients with Child-Pugh A in a 2:1 ratio of regorafenib versus placebo. The median survival was 10.6 months versus 7.8 months, P < 0.0001 [25] .
Lenvatinib is a multi-target TKI that targets VEGF receptors 1-3 and FGFRs 1-4 [26] . A phase 2 trial conducted in Japan and South Korea suggested a high response rate (37%) and a promising median overall survival duration of 18.7 months in 46 patients [27] . This lead to a non-inferior trial with direct comparison to sorafenib as the first line treatment for HCC [28] . The median overall survival was 13.6 months versus 12.3 months for the lenvatinib and sorafenib groups, respectively, and the US FDA approved lenvatinib on August 16, 2018 as an alternative to sorafenib for the front-line treatment of advanced HCC. Many oncologists move to use lenvatinib as the preferred front-line therapy over sorafenib in treating patients with HCC, mainly based on its higher response rate (24.1% vs 9.2%) and more favorable toxicity profile (Table 2) .
Cabozantinib, like the others, is also a multi-target TKI [29] . A randomized phase 2 trial compared to placebo in 41 patients after progression on at least one line of therapy showed a promising overall survival of 11.5 months [30] . This lead to a phase 3 trial comparing carbozantinib to placebo after progression in 707 patients. The median survival was 10.2 months in the cabozantinib group versus 8 months in the placebo group, P = 0.005 [31] . The US FDA approved cabozantinib as a second line treatment for HCC on January 14, 2019. Table 2 summarizes the clinical efficacy and toxicity of the four oral TKIs in treatment of HCC.
As of 2019, there are four oral TKIs for the treatment of HCC ( Table 2 ). Sorafenib and lenvatinib are typically used Complete and partial response rates, median time to progression, median overall survival and top four reported side effects of sorafenib, lenvatinib, regorfenib and cabozantinib.
as front-line treatment. Regorafenib and cabozantinib are reserved for second or subsequent line settings. All four of these oral TKIs affect many targets, leading to diverse outcomes in various cancer types. A complete list of all the proposed targets for the four TKIs is beyond the scope of this review. Table 3 lists the proposed main targets for each medication.
Anti-angiogenesis medications
Because all four US FDA approved oral TKIs target VEGFR, it is suspected that TKIs are able to confer HCC survival benefits through anti-angiogenesis effects. If this truly were the case, one would expect that medications with dominant anti-angiogenesis effects would be at least equal, if not better than oral kinase inhibitors in controlling HCC. This line of thinking led to several trials involving the use of anti-angiogenesis medications for treatment of HCC. There are three US FDA approved medications that fit the criteria of being primarily anti-angiogenic: bevacizumab, aflibercept, and ramucirumab. All three are monoclonal antibodies.
Bevacizumab was initially approved by the US FDA on February 26, 2004 for the treatment of metastatic colorectal cancer. The first pure angiogenesis inhibitor in the US, the main target of bevacizumab is circulating VEGF-A [32] . Several trials using bevacizumab alone or in combination with other agents to treat HCC have shown overall survival durations ranging between 5.9 to 13.7 months. A comprehensive review article published in 2012 concluded that bevacizumab may be comparable to sorafenib for the treatment of HCC [33] . A planned phase 1/2 randomized trial of sorafenib with or without bevacizumab was terminated early due to low efficacy, excessive toxicity and slow enrollment [34] . As such, there is no data directly comparing the effectiveness of bevacizumab to that of sorafenib in treatment of HCC.
Aflibercept binds circulating VEGF-A/B, as well as placental growth factor. It was approved by the US FDA in August 3, 2012 as second line, combination treatment with irinotecan-based regimen for metastatic colorectal cancer. Currently, aflibercept has demonstrated antitumor activity in HCC mouse models only [35] .
Lastly, ramucirumab is a recombinant IgG1 monoclonal antibody that binds to the extracellular domain of VEGFR-2 with high affinity [36] . A randomized trial that recruited patients with HCC who were on second line treatments following progression on sorafenib (REACH) showed numerically better survival than the placebo group but the P value was not significant on the intent to treat analysis (9.2 versus 7.6 months, P = 0.14, N = 565) [37] . Subgroup analysis hinted that patients with a high baseline α-fetoprotein concentration of ≥ 400 ng/mL seemed to derive a survival benefit (7.8 versus 4.2 months, P = 0.006). This prompted a second randomized trial recruiting HCC patients with a high α-fetoprotein concentration, which confirmed a survival benefit in this particular subset of patients (8.5 versus 7.3 months, P = 0.0199) [38] . The US FDA granted marketing approval of ramucirumab on May 10, 2019 as a second line treatment for advanced HCC patients with a high α-fetoprotein concentration.
There is a lack of front-line direct comparison trials of oral kinase inhibitors to the three anti-VEGF monoclonal antibodies, but the available data do not point to drastic improvement in all end points, especially survival duration, with any of the pure anti-angiogenesis medications. As such, it casts doubt on the theory of anti-angiogenesis being the major mechanism of action against HCC with the US FDA-approved TKIs. Therefore, the mechanism through which the four US FDA-approved TKIs confer survival benefits remains unknown and remains a barrier blocking improvement in HCC treatment.
Precision medicine in HCC
The promise of the precision medicine is to identify and target driver mutation(s) in hopes of achieving long-term disease control. Lung cancer with EGFR mutations, ALK fusion proteins, and BRAF mutations in melanoma are some of the most recognizable successes of treatment of solid tumors using precision medicine.
Gene mutation frequency analysis in HCC based on 1289 cases identified many common mutations but most of the mutations do not currently have drugs to target them [39] . However, the RTK-RAS-PI3K signaling pathway is known to be involved in pathogenesis of HCC and can be Table 3 Main targets of the four US FDA-approved oral TKIs in HCC
All four TKIs target one or more VEGFR receptors. Only lenvatinib targets FGFR, while sorafenib and lenvatinib target PDGFR-β and PDGFR-α, respectively. All TKIs target C-kit, with the excepetion of cabozantinib. Sorafenib targets Raf C more than Raf B. Regorafenib is the only TKI of the four that does not target RET. Cabozantinib is the only TKI that targets C-Met, while sorafenib is the only TKI that targets FLT3.
targeted with a MET inhibitor. For example, cabozantinib is considered to have potent MET inhibitory activity, and is approved for second line treatment of HCC (Table 3) . However, because cabozantinib targets multiple kinases, it is still uncertain if MET inhibition is the main mechanism through which cabozatinib improved survival in patients with HCC. Tivantinib, another potent MET inhibitor was found to result in a longer median time to progression compared to placebo in a second line phase 2 randomized trial after progression on sorafenib, especially among patients with MET-high HCC (defined as ≥ 2 + in 50% of tumor cells by immunohistochemistry staining) [40] . This prompted a follow-up phase 3 trial aimed specifically at MET-high HCC patients who progressed on sorafenib. The promising phase 2 data was not sustained with the phase 3 trial, with median overall survival of 8.4 months in the tivantinib group versus 9.1 months in the placebo group [41] . It is sufficient to conclude that the promise of precision medicine has not materialized in the treatment of advanced HCC. Further molecular characterization of HCC into several subclasses has not proven to be clinical useful [42, 43] . A lack of true understanding of how various mutations initiate and propagate the progression of HCC coupled with an inability to identify which driver mutation (s) to target is the most likely explanation for the limited progress in systemic treatment of HCC.
Immune-check point inhibitors
The overall survival in patients with advanced HCC continues to hover around one year even with the increase in available treatment options. Each oral medication is accompanied by its unique toxicity profile and is only beneficial for patients with well-preserved liver function, mainly Child-Pugh A patients. The medical oncology community buzzed with excitement when second line treatment data using nivolumab (an anti-PD-1 monoclonal antibody) in advanced HCC was published in 2017 (CheckMate-040) [44] . The response rate of 20% among the patients treated with 3 mg/kg of nivolumab was the highest ever reported with a single agent in the treatment of HCC. This encouraging result led to US FDA approval of nivolumab on September 22, 2017 for use as a second line treatment for patients with HCC.
It was followed by a phase 3 randomized trial of sorafenib versus nivolumab (CheckMate-459). The results were highly anticipated to change the treatment landscape of HCC. The planned results presentation was delayed several times in 2018, at both the American Society of Clinical Oncology (ASCO) annual meeting and the European Society of Medical Oncology (ESMO) meeting. Eventually, the company released an announcement on June 24, 2019 with the very disappointing news that the study had resulted in no overall survival benefit (the primary end point of the trial). The full data has not been published.
Pembrolizumab, another anti-PD-1 check-point inhibitor, was similarly studied in a phase II (KEYNOTE-224) single arm setting in patients progressed on sorafenib. Encouraging results of a 17% response rate were reported, with one patient achieving complete remission and an additional 44% with stable disease [45] . These results lead to the US FDA approval of pembrolizumab on November 9, 2018 for the treatment of HCC after progression on sorafenib. This was followed by a randomized trial (KEYNOTE-240) comparing pembrolizumab to placebo in a second line setting. Although the high response rate was maintained in this randomized trial (16.9%), the coprimary end points of progression-free survival (P = 0.0209) and overall survival (P = 0.0238) did not meet prespecified significant level [46] .
Before the results of CheckMate-459 and KEYNOTE-240 were available, many trials incorporated immunecheck point inhibitors with a second agent in hopes of improving overall outcome. One example is the combination of Atezolizumab (an anti-PD-L1 inhibitor) and bevacizumab. The initial presentation at the ESMO 2018 meeting showed an impressive response rate of 61% among the 23 evaluable patients [47] . No further update on this trial was presented in the ASCO annual meeting in June 2019. From China, a dose escalation and expansion trial using SHR-1210 (an anti-PD-1 inhibitor) in conjunction with Apatinib (an oral multi-kinase inhibitor) was noted to have a high response rate of 50% among the 16 evaluable patients with HCC [48] .
The ongoing first line randomized trials of atezolizumab + bevacizumab versus sorafenib and the similarly designed global randomized trial of SHR-1210 + Apatinib versus sorafenib will hopefully point to the future direction on how immunotherapy should be incorporated into the treatment of HCC. It appears that the trend is to combine an immune checkpoint inhibitor with either TKIs, chemotherapy, or mammalian target of rapamycin inhibitor. How best to sequence the administration of these medications and whether optimal sequencing may result in longer survival remains unclear. A small retrospective analysis noted that treatment with TKIs then immunotherapy then TKIs appears to be safe, and some patients did derive added benefits, but the data are too preliminary to draw any conclusions [49] . An excellent review article published in 2019 listed all the current ongoing trials involving checkpoint inhibitors; many are utilizing a combination approach [50] . We are eagerly awaiting these trial results to determine if any particular combination proves to be more effective than others.
MD Anderson Cancer Center reviewed its institutional data on recipients (N = 39) of various solid organ allograft transplants (kidney, liver, and heart) who developed malignant diseases (melanoma, lung cancer, HCC, cuta-neous squamous cell carcinoma) then received checkpoint inhibitors and found high rates of graft loss (81%) and a high death rate (46%) [51] . Therefore, patients with recurrent HCC after liver transplant should receive immune checkpoint inhibitor treatment with the upmost caution at the risk of rapid organ rejection, as published in multiple case reports [52] . However, there is also a potential to harness the power of checkpoint inhibitor(s) alone or in combination with other agent(s) to amplify the antitumor effects [53] . There is lack of data on whether immunotherapy use prior to liver transplant will affect graft survival in patients with HCC.
Advances in systemic cytotoxic chemotherapy
Patients with HCC are surviving longer with the many oral treatment options, some with the additional benefit of immunotherapy treatment. However, these improvements are small steps, not leaps forward. For that reason, the systemic cytotoxic chemotherapy regimens continue to be an option for select individuals. Oxaliplatin in combination with 5-FU infusion (FOLFOX) was directly compared to doxorubicin and showed a trend toward a better survival (6.4 vs. 4.97 months, P = 0.07) [54] . A phase 2 trial that evaluated the combination of Oxaliplatin and oral S-1 showed a promising median survival time of 10.3 months [55] . Several ongoing trials combing cytotoxic agent(s) with oral TKI(s) will also guide future developments in treatment options for HCC.
As outlined below on the proposed current treatment scheme in patients with advanced/metastatic HCC, cytotoxic chemotherapy is no longer the primary front-line treatment in clinical practice. Although the National Comprehensive Cancer Network (NCCN) guidelines list cytotoxic chemotherapy as a front-line option, chemotherapy with cytotoxic drugs will only be considered after progression on several lines of treatment in most clinical settings (Fig. 2) . However, after several lines of treatment, the patient's overall conditions have likely declined significantly, even among patients with good hepatic reserve initially, eliminating treatment with cytotoxic chemotherapy as an option. This further limits the potential use of cytotoxic drugs in patients with HCC.
Anti-viral therapy
One major obstacle in treating patients with HCC is that many patients have poor hepatic reserve and are not able to tolerate oral kinase inhibitors and systematic cytotoxic chemotherapy. As shown in Fig. 1 , all current US FDA approved medications are approved for patients with adequate hepatic reserve (Child-Pugh Class A or up to B7). The US FDA approved the first non-interferon, oral treatment (ledipasvir/sofosbuvir) with a high viral remission rate for the treatment of hepatitis C infection in October 2014, which generated great excitement among the medical oncology community. There were two ideas to incorporate treatment of Hep C into the overall management of patients with HCC. The first thought was to deploy the anti-Hep C treatment as secondary prevention after initial treatment of HCC. The second thought was to use anti-Hep C treatment as the primary approach in patients with poor hepatic reserve who are not able to tolerate either oral TKIs or any chemotherapy. The hope was that by treating the active viral infection, the progression of the HCC could be slowed or hepatic function could be improved for better quality of life.
However, two publications back to back on the same issue of Journal of Hepatology in October 2016 sounded the alarm on possible early recurrence with anti-Hep C treatment in patients with treated HCC [56, 57] . Subsequent retrospective review of 1897 patients from Japan did not find differences in de novo occurrence or recurrence of HCC among patients treated with interferon-based (N = 1142) versus interferon-free regimen (N = 755) [58] . A retrospective cohort study from 31 centers in the US and Canada that included 793 patients with treated HCC noted that direct acting antiviral use did not affect the recurrence rate or subsequent response to treatment of the recurrent HCC (304 treated versus 489 untreated) [59] . Articles that reviewed published studies also failed to sustain the initial observation of early recurrence of HCC with interferonfree anti-Hep C treatment [60, 61] . Of note, these articles were all observational and retrospective analyses. The opportunity is open for a prospective trial to confirm if treating chronic hepatitis C infection is safe for patients with HCC. Currently, patients starting direct-acting antiviral therapy for hepatitis C require close monitoring for HCC.
Treatment of hepatitis B in patients with known HCC is much less controversial. It is generally considered safe and is recommended to administer with concurrent treatment for HCC [62, 63] .
Conclusions
Treatment of HCC has advanced from very limited chemotherapy options to four oral TKIs, two immune checkpoint inhibitors and one anti-angiogenesis inhibitor. Superficially, it appears that treatment of HCC has progressed; however, despite the increased number of treatment options, the overall outlook for patients with HCC remains very poor, with median survival around only one year. Additionally, promising data from the use of immunotherapy in conjunction with oral TKIs/anti-angiogenesis medications is still developing; whether specific sequences of treatment can confer additional survival benefits is still unclear.
Patients with HCC should ideally be managed by a multi-discipline team that includes gastroenterologist, surgeon, radiation oncologist, intervention radiologist, and medical oncologist. How and when to combine TKIs and checkpoint inhibitors with other treatment modalities are areas of active research. Laparoscopic surgery is an option for selected patients with HCC. Interventional radiology can provide embolization, chemoembolization, radioembolization, hepatic arterial infusion of chemotherapy agent and several ablative methods. Advances in treatment planning and delivery, such as stereotactic body radiotherapy and proton beam, that deliver adequate treatment dose to tumors while sparing normal liver tissue makes radiation oncology an active participant in managing HCC more than palliative pain control of bone metastases.
Although the survival improvement in patients with HCC has been limited during the past decades from the medical oncology standpoint, it is also an exciting time with the rapid development of new treatment options that were not available before. We have learned from both the successful and the failed trials to redirect our approaches: in less than 3 years we learned that a single agent checkpoint inhibitor is no better than sorafenib for first line treatment and no better than best supportive care after progressing on sorafenib for patients with HCC, but yields promising results when combined with other agent(s). The data are being generated quickly and globally. As such, the field of HCC treatment is at a tipping point for potential major advances in the treatment of HCC.
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